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缩写 英文全称 中文全称 
WSSV White Spot Syndrome Virus 对虾白斑综合征病毒 
ALF Anti-lipopolysacride Factor 抗脂多糖因子 
LPS Lipopolysaccharide 脂多糖 
AMPs Antimicrobial Peptides 抗菌肽 
DEPC Diethy pyrocarbonate 焦碳酸二乙酯 
CFS Crayfish Saline 螯虾生理盐水 
DAPI 4',6-diamidino-2-phenylindole 4',6-二脒基-2-苯基吲哚 
MOI Multiplicity Of Infection 感染复数 
CPBS Crayfish Phosphate Buffer Saline 螯虾磷酸盐缓冲液 
PAGE Polyacrylamide Gel Electrophoresis 聚丙烯酰氨凝胶电泳 
SDS Sodium Dodecyl Sulfate 十二烷基硫酸钠 
RNAi RNA interference RNA 干扰 
mRNA Messenger Ribonucleic Acid 信使 RNA 
RACE Rapid-amplification of cDNA ends cDNA 末端快速克隆技术 
ORF Open reading frame 开放阅读框 
NCBI National Center of Biotechnology Information 美国国家生物技术信息中心 
CGMCC No China General Microbiological Culture 
Collection Number 
中国科学院微生物研究所菌种
保藏编号 
MIC Minimum Inhibitory Concentration 最小抑菌浓度 
MBC Minimum Bactericidal Concentration 最小杀菌浓度 
BSA Bovine Serum Albumin 牛血清白蛋白 
Hpt Hemotopoetic tissue 造血组织 
SSH Suppression Subtractive Hybridization 抑制性消减杂交 
LBD LPS Binding Domain LPS 结合位点 
TCA Trichloroacetic Acid 三氯乙酸 
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摘要 
对虾白斑综合症病毒（White spot syndrome virus, WSSV）的宿主范围广泛，
能感染绝大多数的虾蟹类，是虾蟹类水产养殖业的主要病原，传染力强，致死率
高，给全球水产养殖业造成了巨大的经济损失。由于对 WSSV 的致病机理知之
甚少，至今为止仍未找到一个行之有效的方法根治 WSSV。在课题组的前期研究
中，从 WSSV 感染的红螯螯虾（Cherax quadricarinatus）造血组织（Haematopoietic 
tissue ， Hpt ） 细 胞 差 异 基 因 表 达 谱 中 筛 选 到 了 两 种 抗 脂 多 糖 因 子
（Anti-lipopolysacride Factor，ALF），一种为诱导上调表达的 CqALF，另一种为
表达量无显著变化的 CqALF2。本论文利用红螯螯虾 Hpt 细胞体外培养系统、荧
光定量 PCR、电镜观察和重组蛋白真核表达等技术初步探究了 CqALF 的抗病毒
机理。取得成果如下： 
（1）克隆获得了红螯螯虾 CqALF 基因 cDNA 全长序列（GenBank 登录号：
KX083340）和 CqALF2 的开放阅读框（Open Reading Frame，ORF）序列。CqALF
基因 cDNA 全长序列包括 ORF 372 bp，5’ 非编码区 108 bp，3’ 非编码区 383 bp。
其 ORF 编码 123 个氨基酸，预测蛋白分子量大小为 13.35 kDa。CqALF2 的 ORF
为 372 bp，编码 123 个氨基酸，预测蛋白大小约为 13.86 kDa。螯虾两种 ALF 均
具有两个半胱氨酸连接的保守的 LPS 结合位点（LPS Binding Domain，LBD），
预测的信号肽位置为前 25 个氨基酸。 
（2）阐明了 CqALF 基因在健康螯虾各组织器官的分布情况，结果显示
CqALF 分布于检测的所有组织器官中，在胃、上皮和眼柄中表达量最高。 
（3）为鉴定 CqALF 的生物学活性，优化真核表达和纯化工艺获得 CqALF
重组蛋白 rCqALF。利用最小抑菌浓度（Minimum Inhibitory Concentration，MIC）
和最小杀菌浓度（Minimum Bactericidal Concentration，MBC）法检测 rCqALF
对所测试 20 种菌的抗菌活性。rCqALF 对荧光假单胞菌等四种革兰氏阴性菌和
金黄色葡萄球菌等四种革兰氏阳性菌具有明显的抑杀活性，其中对弗氏志贺氏菌
和金黄色葡萄球菌的杀菌活性较高，弗氏志贺氏菌的 MBC 小于 6 µM，而金黄
色葡萄球菌则小于 12 µM。 
（4）rCqALF 可以与 WSSV 囊膜蛋白互作，破坏病毒囊膜结构，继而降低
WSSV 对宿主的感染率。电镜观察下 rCqALF 显著破坏病毒囊膜结构，荧光定量
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检测结果显示 rCqALF 使得 WSSV 对体外 Hpt 细胞的感染率显著下调，并且
rCqALF 提高了螯虾活体抵御 WSSV 感染的保护力。 
本研究揭示了 CqALF 在螯虾免疫系统中发挥关键作用，不仅具有广谱抗菌
活性，并且可以直接破坏 WSSV 囊膜蛋白达到抗病毒效果，为甲壳动物抗 WSSV
新药的研发提供了新的思路。 
关键词：红螯螯虾；抗菌肽；抗脂多糖因子；抗病毒活性  
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
XII 
Abstract 
 White spot syndrome virus (WSSV) is a vital pathogen in crustacean aquaculture 
and brought huge economic loss all over the world because of its wide range of host, 
high contagiosity and high lethality. Due to the limited knowledge about the 
pathogenic mechanism of WSSV, it’s hard for us to find an effective way to cure 
WSSV disease. In our previous study，two anti-lipopolysacchride factors in cherax 
quadricarinatus (termed CqALF and CqALF2) was screened from a transcriptome 
library of haematopoietic tissue (Hpt) stem cells post WSSV infection. CqALF 
expression was up-regulated, while CqALF2 was not. In this study, crayfish Hpt stem 
cell culture, real-time PCR, electronic microsope observation and eukaryotic 
recombinant expression system were used to explore the antiviral mechanism of 
CqALF. The main results are showed as follows: 
(1) The full cDNA sequence of CqALF and open reading frame (ORF) of CqALF2 
were cloned. The full-length cDNA sequence of CqALF (GenBank accession no. 
KX083340) was 863 bp in length, including 372 bp open reading frame, 108 bp 5’ 
untranslated region (UTR) and 383 bp 3’ UTR. It was predicted that CqALF gene 
encodes 123 amino acids with the molecular weight of 13.35 kDa. The ORF of 
CqALF2 was 372 bp, encoding 123 amino acids. CqALF and CqALF2 possessed a 
25-amino-acid signal peptide and two conserved cysteine residues which has been 
known as the putative LPS-binding domain. 
(2) The tissue distribution of CqALF was analysed by real-time PCR. It is suggested 
that CqALF was found in all the tested tissues with the highest expression in 
stomach, epithelium and eyestalks. 
(3) To explore the biological activities of the CqALF protein, the yeast recombinant 
expression system was optimized to obtain the recombinant protein of CqALF 
(rCqALF). The method of minimum inhibitory concentration and minimum 
bactericidal concentration was performed to detect the antibacterial activity of 
rCqALF. rCqALF possessed antibacterial activity against both Gram-negative 
bacteria and Gram-positive bacteria. Notably, rCqALF showed strong activity 
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against S. flexneri and S. aureus at a low bactericidal concentration (S. flexneri: 
MBC < 6 µM and S. aureus: MBC < 12 µM). 
(4) The antiviral activity of rCqALF may be achieved via the direct interaction 
between rCqALF and WSSV envelope proteins. rCqALF obviously disrupt WSSV 
envelope integrity and reduce WSSV replication significantly in Hpt stem cell 
culture in vitro and enhance protection against WSSV infection markedly in 
organisms in vivo. 
To summary，this study highlights the role of CqALF in immunity given its 
antimicrobial activity and, in particular, its antiviral activity. It will be helpful for 
WSSV disease control and the selection of feed additives in crustacean farming. 
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